INTRODUCTION
The heat shock or stress response refers to the reaction of cellular organisms to adverse environmental stresses such as heat stress and heavy metals, which are highly conserved proteins (Welch et al., 1991) . It composed of the rapid and coordinated induction of a group of proteins referred to as the stress proteins and the concomitant reduction of normal cellular proteins. The stress proteins can be divided into two groups of families: the heat shock proteins (HSPs) and the glucose-regulated proteins (GRPs). HSPs are categorized into several families and named according to their function, sequence homology and molecular mass in kilo-Daltons (kDa): HSP100, HSP90, HSP70, HSP60, HSP40 and several smaller HSP groups (Lindquist, 1992) .
HSP70 is the largest and most highly conserved of the stress protein families (Sanders, 1993) . HSP70 family contains four major members: HSP70, heat shock cognate 70 (Hsc70), HSP75 and GRP78 (Polanowska-Grabowska et al., 1997; Bausero et al., 2005) . At least 121 proteins have been isolated in the HSP70 family and cross-hybridization occurs across mammals, fish and molluscs; indeed, humans and molluscs share the same antigenic and ATP binding domains (Margulis et al., 1989; Roberts et al., 2010) . Hsp70 family was isolated from a variety of fishes such as rainbow trout (Kothary et al., 1984) , Oryzias latipes (Arai et al., 1995) , Zebrafish (Lele et al., 1997) , Oreochromis mossambicus (Molina et al., 2000) and Fugu rubripes (Lim & Brenner, 1999) etc.
Hsp70 family also has been reported to be associated with differences in environmental temperatures (Feder & Hofmann, 1999 ).
Most of the HSPs are also constitutively synthesized in considerable amounts even in the unstressed normal cells (Welch et al., 1991; Roberts et al., 2010; Hunt & Morimoto, 1985) , which play a fundamental role in the regulation of normal protein synthesis within the cell. HSP families such as HSP90 and HSP70 are critical to the folding and assembly of other cellular proteins (Gething & Sambrook, 1992) . These also have a wider role in relation to the immune, apoptotic and inflammatory processes (Moseley, 2000; Srivastava, 2002; Pockley, 2003) . Depletion of either HSP70 or HSP90 in a transgenic zebrafish model caused defects in blood vessel formation through the modulation of VEGF-A-stimulated intracellular signaling, endothelial cell migration, blood vessel development and repair (Bruns et al., 2012) .
In this study, we report the identification and molecular characterization of the Korean rose bitterling (Rhodeus uyekii) HSP70 family members. We analyzed multiple alignments and phylogenetic tree of the deduced RuHSP70 family sequences and other homologs. We investigated the expression of RuHSP70 transcript during early development and in several tissues of Korean rose bitterling. This is the first report of molecular and functional analyses of the Korean rose bitterling HSP70 gene.
MATERIALS AND METHODS

Fish maintenance and sample preparation
Rhodeus uyekii were collected from the Yangchun River, Uiryung-gun, Gyungnam, Republic of Korea. The fish were maintained at the National Fisheries Research and Development Institute (NFRDI) in Busan, Republic of Korea (Kim et al., 2014) . The adults were maintained in 40 L glass aquaria at a density of approximately 20 fish per aquarium. The water was renewed weekly and the temperature in the rearing tanks was maintained at 20 ± 1°C.
The room was maintained on a 12:12-h light:dark cycle.
Adults were fed TetraBits (Tetra) and frozen bloodworms (Advanced Hatchery Technology) twice a day. For RNA extraction, the sample of 10 randomly selected embryo or fish were collected and immediately frozen in liquid nitrogen, and stored at -80°C before use.
Identification of Korean rose bittering R. uyekii
RuHSP70 family
The RuHSP70 family cDNA sequences were isolated from the expressed sequence tag (EST) analysis of the Korean rose bittering R. uyekii cDNA library. EST clones were isolated using a Plasmid Miniprep Kit (Qiagen), and sequenced using T3 reverse primers (Promega) and an ABI3730xl automatic sequencer (Applied Biosystems). The nucleotide sequence was analyzed and compared using the BLASTX search program (http://www.ncbilnlm.nih.gov/ BLAST/).
Multiple sequence alignment and phylogenetic analysis
The relevant sequences were compared using the BLASTX search program (http://www.ncbi.nlm.nih.gov/BLAST/) and retrieved from GenBank for multiple sequence alignments using CLUSTALW (http://www.genome.jp/tools-bin/clustalw).
MEGA (ver. 4) was used to assess homologies among the aligned sequences. A phylogenetic tree based on the deduced amino acid sequences was constructed using a neighborjoining algorithm, and the reliability of the branching was tested using bootstrap resampling with 1,000 pseudo-replicates. folds that in gill where expression was the lowest, respectively. The expression of RuHSC70 mRNA was detected in all tissue examined; highly in the hepatopancreas, testis and spleen. Levels of the RuHSC70 mRNA in the hepatopancreas, testis and spleen were 2.7, 1.8 and 1.1 folds that in muscle where expression was the lowest, respectively.
The expression of RuHSP12A mRNA was detected in all tissue examined; highly in the ovary, testis and brain.
Levels of the RuHSP12A mRNA in the ovary, testis and brain were 2.8, 1.1 and 1 folds that in gill where expression was the lowest, respectively. The expression of RuGRP78 mRNA was detected in all tissue examined; highly in the hepatopancreas, spleen and ovary. Levels of the RuGRP78 mRNA in the hepatopancreas, spleen and ovary were 42.1, 28.2 and 12.7 folds that in fin where expression was the lowest, respectively (Fig. 3) . Overall, (Im et al., 2013) and Paphia undiata (Wu et al., 2014) .
Expression analysis of the HSP70 family mRNA during early development
The expression of Hsp70 family mRNA during early development of Korean rose bitterling was determined by quantitative real-time PCR at 1, 3, 6, 15 and 21 days postfertilization (dpf). After the first dpf, the relative expression of RuHSP4 sharply decreased and was maintained at similar level, until the last dpf. The expression of RuHSC70 mRNA was detected from 1 dpf and moderately increased until 21 dpf during the early development. The relative expression of RuHSP12A and RuGRP78 increased significantly at the 15 dpf and decreased slightly at 21dpf (Fig. 4) .
The results of previous research are similar to our study.
It is consistent that the expression of Hsp70 family gene was increased after fertilization in Oncorhynchus tshawytscha (Kong et al., 1996) , Oncorhynchus mykiss (Currie & Tufts., 1997; Currie et al., 2000; Ojima et al., 2005a, b) and Salmo salar (Lund et al., 2002) . We expected that differences in the expression are due to differences on the role of Hsp70 In this study, the partial sequences of Korean rose bittering Hsp70 family were identified from the expressed sequence tag (EST) analysis of the R. uyekii cDNA library.
We found 4 members (RuHSP4, RuHSC70, RuHSP12A, RuGRP78) of Hsp70 family in R. uyekii. Pairwise alignment and phylogenetic analysis revealed RuHSP70 family showed RuHsp70 family has been conserved during evolution. The expression patterns of RuHsp70 family suggest that they play a unique or specific role during early development.
Further investigations are required to elucidate the functional role of HSP70 families in R. uyekii.
